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Tahle 1. Effect of a Salt in Soak Solution on the Hardness of

Cooked Soybeans

Salt Number of Dry weight of residue on sieve
measurements Mean= SE(g) %
Na-Bicarhonate 12 1.57£0.07 438 .4°
Na-Citrate 12 1.91+0.09 58.8°
Na-Fumarate 4 2.00x0.11 60.5°
Na-Maleate 9 1.99+0.11 61.1°
Na-EDTA 6 2.09+0.07 63.7°
Na-Oxalate 12 2.16£0.09 66.5°
Na-Malate 6 2.23%0.04 68.6°
Na-Tartarate 6 2.31%0.08 70.9°
Na-Ascorbate 6 2.34x0.11 72.4°
Na-Succinate G 2.45%0.15 75.4°
Na-Acetate 4 2.92x0.11 88.6°
Na-Lactate 4 3.23%0.17 98.0°
Glycine 6 3.50+0.07 107.6°
NH4-Bicarbonate 12 1.28%0.11 39.3°
RbCl 6 2.57x20.07 76.5°
NaCl 6 2.61+£0.22 77.6°
KCl 6 2.83x0.15 84.3°
FeCl2 6 2.88x£0.16 85.7°
LiCl 6 2.89x0.10 86.0°
NHACI 6 3.54x0.13 105.2°
MgC12 6 4.06+0.14 121.0°
CaCl2 6 5.96+0.20 177.3°

B¢ Dry weights of the residue for soybeans soaked in
distilled water were 3.23+0.09(n=24) for a, 3.36
+0.14(n=12) for h, and 3.29%0.14(n=8) for c.
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Tahle 2. Effect of a Salt in Soak Solution on the Cooked

Hardness of Aged Soybeans

Salt Number of Dry weight of residue on sieve
measurements Mean+ SE(g) %
Na-Bicarhonate 12 1.11+0.08 24.0°
Na-Oxalate 12 1.97%£0.06 42.8°2
Na-Maleate 6 2.30+0.08 50.0°
Na-EDTA 6 2.31%+0.04 50.1¢°
Na-Citrate 6 2.65x0.15 57.86°
Na-Tartarate 6 2.68+0.14 58.22
Na-Malate 6 3.07+£0.18 60.1°
Na-Ascorbate 6 3.13%£70.19 67.9°
Na-Succinate 6 4.05+0.60 81.5°
Glycine 6 4.90% 0.07 106.4¢°
NH4-Bicarbonate 12 1.08+0.08 23.4¢
RbCl 6 3.65%+0.16 77.2°
LiCl 6 3.74%+0.35 79.2°
NaCl 6 3.76%=0.20 79.7°
KCI 6 4.12+0.15 87.3°
NHAC] 6 4.84+0.38 102.4°
FeCl2 6 5.74%£0.16 121.7°
MgCl2 6 6.12+0.34 129.7°
CaCl2 6 6.25%=0.27 132.4°

a b Dry weights of the residue for soybeans soaked in distilled
vater were 4.681%+0.08(n=21) for a, and 4:72%x0.13(n=12) for
b.
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Fig.1. Relationship Between Calcium Content of Soaked Soybeans
and their Hardness after Cooking
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Table 3. Effect of Two-step Soaking on the Hardness of Cooked

Soyheans

Soak solution Number of % weight of

Ist 2nd measurements residue on sieve
H20 H20 2 100.0
NaCl Na-Oxalate 3 63.5
Na-Oxalate NaCl 3 92.9
NaCl NHAHCO3 3 66.0
NHAHCO3 NaCl 3 89.4
NaCl Na-Citrate 3 73.6
Na-Citrate NaCl 3 85.4
NaCl FeCl2 3 71.3
FeCl2 NaCl 3 48.6
NaCl FeS04 3 85.4
FeS04 NaCl 3 a1.7
NaCl CoCl2 3 90.2
CoCl2 NaCl 3 75.6
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Fig.2. Leakage of Calcium lon from Soybeans to Soak Water
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Table 4. pH Buffer Action of Leaking Substances from Soybeans

pH of the water Htequivalent to pH change(meq)

Addition
to water To initial To final

Initial Final pH, A pH, B A+B/2
Soybeans 4.40 6.08 16.41 17.17 16.79
None 4.40 6.08 5.81 5.85 5.84
Aged soybeans 4.40 6.14 20.46 20.66 20.56
None 4.40 6.14 5.90 6.06 5.98

1. ER

EUHEEROAESHNI - WHEOBRB TEZ 2B OKLLEEZOH
Blry. TOAMKEBETABMFTFONa " DCa?" PEIEAL->TVEZ
ENZBLOEBRTHMAIATVSE '~ ZhoDERMET S &,
By s3EREFRAELVLTE. 7LV EBERMEERTRONLST S LD
KBE. TN EIHEEREHMBERES IS LSC@BILV R B, 7wt
HTHLEEBRFOLEAACHUTEIRAEOERBFo e UNU.
KENDODFEEOBREULChOIBAT YR VDBAFOADEEZPIEK
EVZENDMN o, TABVERAAYOHALEFAE. HBEPTXS
FUHAUEAUTVWACa 2B IS ERLBEEFEZONTED.
ZEENaCl. KCl. LiCl. RbCl1OBEIWWEEUVLRLEDCa
DEBEBEBURDP UL, UPU. B4 VONaEQOHELE» ODH» S
P, Na"BETTH. BEIFOC a0BRFEIHN A A B2

—448-



AAORBEIRZLE>DTRKELERYO W AT >DC a2 " DHFMAMC a
DEHRRLIVREREENEFODCERARBLTVS, FL— A
HMOWED TARY ) ZVBEONaBIZREBEUVLREA., BEC aNEFEULE
PITEZERHIDIDODIEREIFT 2, —FH. EHFOC aDBEFELEEL
PEOETEOBARUE. BLOETCaREFEML LRVEIEHZs>HLE
WHOMEMIIZH AP, KBRKFREDE—SEICOH@M»dITh 3, 0
Eﬁth*m\4%)%%%@T®Ca”ﬂi@ﬁﬁ%ﬁ&ﬁi&%m

E—#A4 A CaBEHREFRAEUMNOKILREEERA 2RI L
NEZOND, MEFELODVTHE., ERTEALUVLILY T LEROD.
HEAT DL GHFELERTEZIMELC a2"OREN 1 0 °MO L
X¥F e?"T7X10°°M. Mg?" T8X10 *M. HCO3 &¥CO03 ®
AHTIX1033MESA TV, COEDMST 3. E—BBEOBT
WHREUVRLAZOC aBRUEULKHETETLRLENND 5, E204
WBEAUTWE., EEE— /1A EFEBORKBRHTEZEEED AV Y
TJRECH T AL ELTHHBOBBILXLREI IRRENELLETHS 2 &,
BRELCOIEBRELEDEA. BENEFR2EIZEZTOHILBENLE
UK ER-STKZ2REMOEREA AV EWLE->REEVRELULTWVWSZ L
AT H 3,

HTVWEDTIAY YT ABUARLRKETE. BRECISUBEEBR2POBE
PHUVLELIDREVIENY A 7R, TF5vIE—r9)
BRETHBEEINTVS, AV IJETHRABEREUSTLVDIUEEDT
TEHOBEWTHREIhTWE N, WkWHES>S FRERSUTEOH
BEOIZLIRLEDLSCDOROM., BERLR2ECBHXHEEDEER
LB UL TVE3OHIE D2V THIE >0 URIEBIEI> LTV RV, A
FHMERICHAS T I3BROHEFRNOFEET TOERRERE2ANS Z L. #
FOUMRHELE»DZ22DO—2DHFFEERVDIZTHS S,

5. 5®koORA

RKERD2DLWTHE—SECCABERC LI _BEBEREEPED IV EY
HDhokH REROREDEE. BEFLZODVLVTEHREBELUTLRL,
COHFEZAEOMIOBETCRIECHMATE S LS2T 3 2.
RELBUARAEOBEFEYZE2E D TR CLLARE S, GEORENLE
ZHEREDRITINWE RS20,

BECE-SELI3 _BEEEFEIIAY YT RBEUH UL TWEHLT

—449-



UVdbBFY TR ok, UMU. T AV RKTWHBR Y, OBEBENE
&bfb%t%ién%Qf\mﬁ@kﬂﬁﬂ%%ﬁﬁ&ﬁl%vzﬁ
KB UTHEIRZRLVELUVTHBTEETE RV, T AV VYT RETE
DE>RHMBEEOTILLIEI > TVWEILBhOIPhE., ThZHEULE
EMNEEL2PZBUHRIOEBHELLWIETHERLVEEDN S, TORDIZE
ERBAAYET TR, VB, . 73X 1kEW (73X 8. Y2
NIB) REBATFBLIUBAFLAYOBHENT 3L AY Y7 NE
DEEE X3 MM BRT L. BABETRCILILOMERL & 3EE
BRHHSM»ICURTNIT RS L,

3k

IDH.P.Fleming, R.L.Thompson, T.A.Bell and L.H.Hontz! J.Food Sci.
43,888(1978).

D& TFEAR, BRI, MEALTE: BHEIHE,29,443(1982).

3)J.P.Van Buren: J.Food Sci.,49,910(1984).

ODRBIF,MIHRTF BEHETF KRIKE,38,719(1987).

5)R.F.McFeeters, M.M.Senter and H.P.Fleming: J.Food Sci.,54,366(
1989).

6)D.J.Parrish and A.C.Leopold: Plant Physiol.,61,365(1978).

NEEFZ  EHEE,LEREIIT I KK&E,34,775(1983).

8)G.M.Jackson and E.Varriano-Marston: J.Food Sci.,46,799(1981).

9IM. J.Hincks, A.McCannel and D.W.Stanley: J.Agric.Food Chem.,35
576(1987).

—450—



Effect of Salts on the Hardness of Cooked Beans(1)

Yasuhiko Nakamura

Kagoshima University, Faculty of Education

Summary

The effect of salts in soak solution on the hardness of
cooked heans was determined with new soybeans and aged soyheans,
Beans were soaked in a salt solution, cooked in distilled water,
ground with a homogenizer and the resulting slurry was sieved.
The dry weight of the residue on the sieve was measured and the
relative hardness was expressed as percent to that of heans
soaked in distilled water. For new soybeans, bicarbonates showed
a prominant effect of softening. Tri- and dicarboxylates such
as sodium citrate, sodium fumarate and sodium oxalate were more
effective than monocarboxylates such as sodium lactate and
sodium acetate. The chlorides of alkali metal and ferrous
chlioride softened the beans, but their effect was not so great
as bicarbonates or polycarboxylates. On the other hand, the
chlorides of alkaline earth metals hardened the beans. For aged
soybeans, bicarbonates and sodium oxalate exerted more marked
effect than for new soybeans.

The softening effect of sodium chloride was enhanced when
sovbeans were previously soaked in ferrous solutions. When the
heans were soaked first in the sodium chloride solution and then
in the ferrous solutions,the synergistic action was not observed,

The calcium contents of beans soaked in salt solutions were
closely correlated with the cooked hardness except for the cases
of ferrous chloride, magnesium chloride and bicarbonates.

Aged soybeans leaked more calcium ions on soaking in water

than new soybeans, but they cooked more slowly.
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